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ELECTRONIC CIRCUIT, ELECTRO-OPTICAL DEVICE, 
AND ELECTRONIC APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to an electronic circuit, an electro-optical 
device, and an electronic apparatus. 

2. Description of Related Art 

[0002] One of the conventional methods of driving an electro-optical device 
including electro-optical elements, such as liquid crystal elements and organic EL elements is 
an active matrix driving method. For example, a method is disclosed in the Pamphlet of 
International Patent Publication Number WO98/36407. 

[0003] It is known that the visual sense of human beings is made in a manner of a 
high order function with respect to the luminance gray scale. Specifically, the visual sense of 
human beings is drastically weakened as the luminance gray scale is growing higher. 
Therefore, even though the luminance gray scale of the organic EL elements is constructed to 
change linearly with respect to the image data, the change of the luminance gray scale of the 
organic EL elements is not accurately perceived by the human beings as the luminance gray 
scale is growing higher. For the reason, in case of the luminance gray scale being linearly 
constructed, the gray scale number perceived by human beings seems to be lower than that of 
a real output, so that the resulting display quality may be deteriorated. 

SUMMARY OF THE INVENTION 

[0004] The present invention is contrived to solve the above problems, and an 
object of the present invention is to provide an electronic circuit, an electro-optical device, 
and an electronic apparatus, which are capable of producing digital signals having 
predetermined output values in accordance with digital data. 

[0005] The electronic circuit of the present invention can include a shift circuit for 
shifting j -bit digital data (j is a natural number) to convert it into k-bit digital data (k is a 
natural number), and a correction circuit that is electrically coupled to the shiftcircuit. The 
correction circuit continuously charges the k-bit digital data which is obtained by the shift 
circuit in accordance with the change of the j-bit digital data. By doing so, the k-bit digital 
data generated based on the j-bit digital data can be arbitrarily changed. 

[0006] In the electronic circuit, the k-bit digital data can be extended digital data 
which is larger than the j-bit digitaldata, and the shift circuit classifies a range of the j-bit 
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digital data into a plurality of groups and shifts the digital data of each group by a 
predetermined number of bits in accordance with each group to convert it into the k-bit 
digital data. By doing so, the j-bit digital data can be converted into the k-bit digital data 
which changes in a manner of a high order function. 

[0007] In the electronic circuit, the correction circuit can be electrically coupled to 
electro-opticalelements. The j-bit digital data can be luminance gray scale data for 
controlling the luminance of the electro-optical elements; and the k-bit digital data is 
extended luminance gray scale data for providing the amount of analog current, which is 
supplied to the electro-optical elements. By doing so, the luminance gray scale of the electro- 
optical elements can be arbitrarily changed by the j-bit luminance gray scale data. 

[0008] In the electronic circuit, the correction circuit can be an adder. By doing so, 
the correction circuit can be easily constructed. 

[0009] In the electronic circuit, the shift circuit can determine the number of bits by 
which the j-bit digital data is shifted in accordance with the size of the j-bit digital data. By 
doing so, the k-bit digital data generated based on the j-bit digital data can be arbitrarily 
changed. 

[0010] In the electronic circuit, the k-bit digital data is extended digital data which 
is larger than the j-bit luminance gray scaledata, and the shift circuit classifies a range of the 
j-bit digital data into a plurality of groups and shifts the digital data of each group by a 
predetermined number of bits in accordance with each group to convert it into the k-bit 
digital data. By doing so, the j-bit digital data can be converted into the k-bit digital data 
which changes in a manner of a high order function. 

[0011] In the electronic circuit, the shift circuit performs shifting to the upper side 
so that a larger value group is shifted by a larger number of bits. By doing so, it is possible to 
obtain the k-bit extended luminance gray scale data that rapidly increases with respect to the 
size of the j-bit luminance gray scale data. 

[0012] The electro-optical device of the present invention can include a control 
circuit for outputting j-bit luminance gray scale data (j is a naturalnumber), a driving circuit 
for generating analog driving signals based on the j-bit luminance gray scaledata, and a pixel 
circuit for driving current driven elements based on the analog drivingsignals. The driving 
circuitcan include a shift circuit for shifting the j-bit luminance gray scale data to convert it 
into k-bit digital data (k is a natural number), a correction circuit that is electrically coupled 
to the shift circuit, the correction circuit continuously changing the k-bit digital data which is 
obtained by the shift circuit in accordance with the change of the j-bit luminance gray scale 
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data. By doing so, the k-bit luminance gray scale data generated based on the j-bit luminance 
gray scale data can be arbitrarily changed. 

[0013] In the electro-optical device, the k-bit digital data is extended digital data 
which is larger than the j-bit luminance gray scaledata, and the shift circuit classifies a range 
of the j-bit digital data into a plurality of groups and shifts the digital data of each group by a 
predetermined number of bits in accordance with each group to convert it into the k-bit 
digital data. By doing so, it is possible to change an amount of the analog current which is 
supplied to the current driven elements in a manner of a high order function. 

[0015] In the electro-optical device, the correction circuit is an adder. By doing so, 
the correction circuit of the electro-optical device can be easily constructed. 

[0016] In the electro-optical device, the shift circuit can determine the number of 
bits by which the j-bit luminance gray scale data are shifted in accordance with the size of the 
j-bit luminance gray scale data. By doing so, it is possible to implement the electro-optical 
device which can control the luminance gray scale of the current driven elements based on 
the j-bit luminance gray scale data. 

[0017] In the electro-optical device, the shift circuit performs shifting to the upper 
side so that a larger value group is shifted by a larger number of bits. By doing so, it is 
possible to obtain the k-bit extended luminance gray scale data that rapidly increases with 
respect to the size of the j-bit luminance gray scale data. As a result, in the electro-optical 
device, even in the regions having particularly high luminance gray scale, the luminance gray 
scale of the current driven elements can be accurately perceived by human beings. Therefore, 
it is possible to improve the display quality of the electro-optical device. 

[0018] In the electro-optical device, the current driven elements can be EL 
elements. By doing so, the luminance gray scale of the EL elements can be accurately 
perceived by human beings. 

[0019] In the electro-optical device, the EL elements can include light emitting 
layers made from organic materials. By doing so, the luminance gray scale of the organic EL 
elements can be accurately perceived by human beings. 

[0020] A first electronic apparatus of the present invention can be constructed with 
the aforementioned electronic circuits being mounted thereon. By doing so, it is possible to 
provide an electronic apparatus having a display unit having excellent display quality. 

[0021] The first electronic apparatus of the present invention can be constructed 
with the aforementioned electro-optical devices being mounted thereon. By doing so, it is 
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possible to provide an electronic apparatus comprising a display unit having excellent display 
quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] This invention will be described with reference to the accompanying 
drawings, wherein like numerals reference like elements, and wherein: 

[0023] Fig. 1 is an exemplary block circuit diagram illustrating circuit construction 
of an organic EL display of the present embodiment; 

[0024] Fig. 2 is an exemplary block circuit diagram illustrating internal circuit 
construction of a display panel portion; 

[0025] Fig. 3 is a circuit diagram illustrating a digital-to-analog circuit and a bit 
extending circuit which constitutes a single line driver; 

[0026] Fig. 4 is a constructional view of the bit extending circuit; 

[0027] Fig. 5 is a view for explaining an operational processing method which is 
executed in the bit extending circuit; 

[0028] Fig. 6 is a view for explaining an operational processing method which is 
executed in the bit extending circuit; 

[0029] Fig. 7 is a view for explaining an operational processing method which is 
executed in the bit extending circuit; 

[0030] Fig. 8 is a view for explaining an operational processing method which is 
executed in the bit extending circuit; 

[0031] Fig. 9 is a view illustrating relationship between image data and current 
values of data line driving signals in the present embodiment; 

[0032] Fig. 10 is a perspective view illustrating construction of a mobile type 
personal computer for explaining a second embodiment; 

[0033] Fig. 1 1 is a perspective view illustrating construction of a mobile phone for 
explaining the second embodiment; 

[0034] Fig. 12 is a view illustrating relationship between the image data and the 
current values of the data line driving signals in a modified embodiment; 

[0035] Fig. 13 is a circuit diagram of a digital-to-analog converting circuit which is 
used in an electro-optical device; and 

[0036] Fig. 14 is a view illustrating relationship between the image data and the 
current values of the data line driving signals. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
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[0037] Now, the first embodiment of implementing the present invention will be 
described with reference to Figs. 1 to 9. Fig. 1 shows an exemplary block circuit diagram 
illustrating circuit construction of an organic EL display 10 as an electro-optical device. Fig. 
2 shows a block circuit diagram illustrating internal circuit construction of a display panel 
portion. The organic EL display 10 can include a controller 1 1 as a control circuit, a display 
panel portion 12, a scanning line driving circuit 13, and a data line driving circuit 14 as a 
driver circuit. Further, the organic EL display 10 in this embodiment is an active matrix 
driving type organic EL display. 

[0038] In the organic EL display 10, the controller 1 1, the scanning line driving 
circuit 13, and the data line driving circuit 14 may be constructed with an independent 
electronic part, respectively. For example, the controller 1 1, the scanning line driving circuit 
13, and the data line driving circuit 14 may be constructed with one chip of a semiconductor 
integrated circuit device, respectively. Further, all or some of the controller 11, scanning line 
driving circuit 13, and data line driving circuit 14 may be constructed with programmable IC 
chips so that their functions can be implemented by programs written in the IC chips in a 
software manner. 

[0039] The controller 1 1 outputs control signals for executing display on the display 
panel portion 12 and j -bit (6-bit in this embodiment) digital data (image data as luminance 
gray scale data) to the scanning line driving circuit 13 and the data line driving circuit 14, 
respectively. Further, in this embodiment, the image data is 6-bit digital signals for 
convenience of explanation. 

[0040] The display panel portion 12 has the construction that a plurality of pixel 
circuits 15 are arranged in a matrix shape, as shown in Fig. 2. Each of the pixel circuits 15 is 
connected to the scanning line driving circuit 13 through a plurality of scanning lines Yn (n = 
1 to N; n is an integer) which extend in the row direction. Further, each of the pixel circuits 
15 is connected to the data line driving circuit 14 through a plurality of data lines Xm (m = 1 
to M; m is an integer) which is extending in the column direction. Each of the pixel circuits 
15 has an organic EL element 16 as an electro-optical element in which a light emitting 
portion is made of organic materials. 

[0041] The pixel circuits 15 are current-programmed type pixel circuits which 
control the luminance gray scale of the organic EL elements 16 in accordance with the 
current Im of the data line driving signals as driving signals output from the data line driving 
circuit 14. Specifically, each of the pixel circuits 15includes, in the internal portion thereof, 
an electronic circuit which applies current having a current value corresponding to the current 
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value of the data line driving signals output from the data line driving circuit 14 to the 
organic EL elements 16. Further, in each of the pixel circuits 15, the luminance gray scale of 
the organic EL elements 16 is controlled by flow of the current corresponding to the current 
values of the data line driving signals through the organic EL elements 16. 

[0042] The scanning line driving circuit 13 selects one scanning line among the 
plurality of the scanning lines Yn provided to the display panel portion 12 based on the image 
data output from the controller 1 1, and outputs the scanning line driving signals to the 
selected scanning line. And then, the timing at which the organic EL elements 16 of the pixel 
circuits 15 emits light is controlled in accordance with the scanning line driving signals. 

[0043] The data line driving circuit 14 generates data line driving signals based on 
the 6-bit image data output from the controller 1 1 . Specifically, the data line driving circuit 
14 can include a plurality of single line drivers 20 of which are connected to each of the data 
lines Xm. Each of the single line drivers 20 generates data line driving signals based on the 
image data output from the controller 11, and outputs the generated data line driving signals 
to each of the pixel circuits 15 through the data lines Xm. Further, in each of the pixel 
circuits 15, the luminance gray scale of the organic EL elements 16 is controlled by applying 
the current corresponding to the current Im of the data line driving signals to the organic EL 
elements 16. Further, in this embodiment, the luminance gray scale of the organic EL 
elements 16 is controlled in 64 gray scales based on the 6-bit image data output from the 
controller 11. 

[0044] Each of the single line drivers 20 includes a digital-to-analog converting 
circuit 30 as a driving circuit and a bit extending circuit 40 as an electronic circuit provided at 
the input side of the digital-to-analog converting circuit 30, as shown in Fig. 3. The digital- 
to-analog converting circuit 30 is an 8-bit current output type digital-to-analog converting 
circuit. The digital-to-analog converting circuit 30 can include analog signal lines 31a to 31h, 
eight switching transistors, that is, the first to eighth switching transistors 32a to 32h, eight 
current supplying transistors, that is, the first to eighth current supplying transistors 33a to 
33h, and digital input signal lines 34a to 34h. 

[0045] The analog signal lines 3 la to 3 lh can be arranged in parallel to each other 
and connected to an analog output terminal Po. Each of the analog signal lines 31a to 3 lh is 
connected to each of the drains of the first to eighth switching transistors 32a to 32h. 

[0046] Each of the sources of the first to eighth switching transistors 32a to 32h is 
connected to each of the drains of the first to eighth current supplying transistors 33a to 33h. 
Further, each of the gates of the first to eighth switching transistors 32a to 32h is connected to 
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the bit extending circuit 40 through each of the first to eighth digital input signal lines 34a to 
34h. 

[0047] Each of the gates of the first to eighth current supplying transistors 33a to 
33h is connected to an input terminal 36 through a voltage supplying line 35. Further, each 
of the first to eighth current supplying transistors 33a to 33h outputs each of current having 
predetermined current values when a reference voltage Vo is applied to the input terminal 36. 
In other words, each of the first to eighth current supplying transistors 33a to 33h is a 
transistor serving as a constant current source for outputting a predetermined current. 

[0048] Specifically, relative ratio of gain coefficients |3 of the first to eighth current 
supplying transistors 33a to 33h is set to be 1 : 2 : 4 : 8 : 16 : 32 : 64 : 128, respectively. The 
gain efficient P of the transistor is defined as p = (>CW/L), where (a is mobility of carrier, C 
is gate capacitance, W is channel width, and L is channel length. Therefore, the ratio of 
current driving capabilities of the first to eighth current supplying transistors 33a to 33h 
becomes 1 : 2 : 4 : 8 : 16 : 32: 64 : 128, and the magnitudes la to Di of the current output from 
the first to eighth current supplying transistors 33a to 33h have the following relationship. 

Ia = lb/2 = Ic/4 = Id/8 = Ie/16 = W32 - Ig/64 = Ih/128 

[0049] Further, the ON/OFF control of the first to eighth switching transistors 32a 
to 32h is performed by 8-bit digital data as k-bit extended digital data output from the bit 
extending circuit 40. The lowest bit of the 8-bit digital data is supplied to the first switching 
transistors 32a having the smallest gain efficient (in which the relative value of p is 1), and 
the highest bit is output to the eighth switching transistors 32h having the largest gain 
efficient (in which the relative value of P is 128). 

[0050] The analog output terminal Po of the digital-to-analog converting circuit 30 
is connected to each of the pixel circuits 15 through each of the data lines Xm (m = 1 to M). 
Further, the digital-to-analog converting circuit 30 outputs the current Im of the data line 
driving signals proportional to the digital data output from the bit extending circuit 40 at the 
analog output terminal Po. 

[0051] The bit extending circuit 40 can include input port 41, first to eighth output 
ports 42a to 42h, shift register 43 as a bit shift circuit, and an adder 44, as shown in Fig. 4. 

[0052] The input port 41 is connected to the controller 1 1 through data lines LI to 
L6. Each of the input ports 41a to 41 f inputs the 6-bit image data output from the controller 
1 1 through the data lines LI to L6 to the bit extending circuit 40. 

[0053] The first to eighth output ports 42a to 42h, in the sequence of the first output 
port 42a, the second output port 42b, and the eighth output port 42h, are connected to the 



8 

first digital input signal line 34a, the second digital input signal line 34b, — , and the eighth 
digital input signal line 34h, respectively. Further, each of the first to eighth output ports 42a 
to 42h is connected to each of the gates of the first to eighth switching transistors 32a to 32h 
through each of the first to eighth digital input signal lines 34a to 34h. Further, the first to 
eighth output ports 42a to 42h, in the sequence of the first output port 42a, the second output 
port 42b, and the eighth output port 42h, are set to correspond the sequence from the 
lowest bit to the highest bit of the 8-bit digital data processed in the shift register 43 and the 
adder 44, described later. Furthermore, in this embodiment, the aforementioned digital data 
is the extended digital data and extended luminance gray scale data. 

[0054] The shift register 43, which is constructed with a plurality of logic circuits, 
is a circuit that extends the 6-bit image data output from the controller 1 1 to the 8-bit digital 
data and at the same time shifts each bit of the extended 8-bit digital data. 

[0055] The adder 44 is a circuit for adding predetermined 8-bit data values to the 
image data which is shifted by the shift register 43. 

[0056] Next, the method of operational processing which is executed at the bit 
extending circuit 40 will be described with reference to Figs. 5 to 7. Further, the value of 
each bit of the image data output from the controller 1 1 is indicated as hi (i = 1 to 6), for 
convenience. 

[0057] In this embodiment, the bit extending circuit 40 performs operational 
processing on the 6-bit image data (h6, h5, h4, h3, h2, hi) output from the controller 11, 
while dividing hi to h6 into four groups. Now, each of the groups will be described. 

1 . First Group 

[0058] The first group is a group of the case (gray scale 1 to 16) that the image data 
is (0, 0, 0, 0, 0, 0) to (0, 0, 1, 1, 1, 1). 

[0059] The bit extending circuit 40, by means of the shift register 43 thereof, 
extracts the low four bits among the 6-bit image data (0, 0, h4, h3, h2, hi), adds four bits (0, 
0, 0, 0) to the upper side of the low four-bits, and generates 8-bit image data (0, 0, 0, 0, h4, 
h3, h2, hi) (see Fig. 5). And then, the 8-bit image data (0, 0, 0, 0, h4, h3, h2, hi) is output 
from each of the first to eighth output ports 42a to 42h as extended 8-bit image data (0, 0, 0, 
0, b4, b3, b2,bl), as it is. 

2. Second Group 

[0060] The second group is a group of the case (gray scale 17 to 32) that the image 
data is (0, 1, 0, 0, 0, 0) to (0, 1, 1, 1, 1, 1). 
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[0061] The bit extending circuit 40, by means of the shift register 43 thereof, 
extracts the low four bits among the 6-bit image data (0, h5, h4, h3, h2, hi), adds four bits (0, 
0, 0, 0) to the upper side of the low four bits, and generates 8-bit image data (0, 0, 0, 0, h4, 
h3, h2, hi). Next, the shift register 43 shifts the values 'hi' to 'h4 f , the low four bits of the 8- 
bit image data (0, 0, 0, 0, h4, h3, h2, hi), by one bit to the left side so as to make the lowest 
bit be '0' (see Fig. 6). Subsequently, in the adder 44, a previously stored 8-bit data (0, 0, 0, 1, 

0, 0, 0, 1) is added to the 8-bit image data (0, 0, 0, h4, h3, h2, hi, 0) which is shifted by the 
shift register 43. The 8-bit data (0, 0, 0, 1, 0, 0, 0, 1) is offset data and corresponds to offset 
values for applying the initial values of the 8-bit image data (0, 0, 0, h4, h3, h2, hi, 0) which 
is shifted by the shift register 43. In other words, the offset data is the data for ensuring 
continuity between the first and second groups. Further, each of the added 8-bit digital data 
is output from each of the output ports 42a to 42h as the extended 8-bit image data [b8 (= 0), 
b7 (= 0), b6, b5, b4, b3, b2, bl (= 1)]. 

3. Third Group 

[0062] The third group is a group of the case (gray scale 33 to 48) that the image 
data is (1, 0, 0, 0, 0, 0) to (1, 0, 1, 1, 1, 1). 

[0063] The bit extending circuit 40, by means of the shift register 43 thereof, 
extracts the low four bits among the 6-bit image data (h6, h5, h4, h3, h2, hi), adds four bits 
(0, 0, 0, 0) to the upper side of the low four bits, and generates 8-bit image data (0, 0, 0, 0, h4, 
h3, h2, hi). Next, the shift register 43 shifts the values 'hi* to 'h4\ the low four bits of the 8- 
bit image data (0, 0, 0, 0, h4, h3, h2, hi), by two bits to the left side so as to make the low two 
bits be (0, 0) (see Fig. 7). Subsequently, in the adder 44, a previously stored 8-bit data (0, 0, 

1, 1, 0, 0, 1, 1) is added to the 8-bit image data (0, 0, h4, h3, h2, hi, 0, 0) which is shifted by 
the shift register 43. The 8-bit data (0, 0, 1, 1, 0, 0, 1, 1) is offset data and corresponds to 
offset values for applying the initial values of the 8-bit image data (0, 0, h4, h3, h2, hi, 0, 0) 
which is shifted by the shift register 43. In other words, the offset data is the data for 
ensuring continuity between the second and third groups. Further, each of the added 8-bit 
digital data is output from each of the output ports 42a to 42h as the extended 8-bit image 
data [b8 (= 0), b7, b6, b5, b4, b3, b2 (= 1), bl (= 1)]. 

4. Fourth Group 

[0064] The fourth group is a group of the case (gray scale 49 to 64) that the image 
data is (1, 1,0, 0, 0, 0) to(l, 1, 1, 1, 1, 1). 

[0065] The bit extending circuit 40, by means of the shift register 43 thereof, 
extracts the low four bits among the 6-bit image data (h6, h5, h4, h3, h2, hi), adds four bits 
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(0, 0, 0, 0) to the upper side of the low four-bits, and generates 8-bit image data (0, 0, 0, 0, h4, 
h3, h2, hi). Next, the shift register 43 shifts the values 'hi' to 'h4', the low four bits of the 8- 
bit image data (0, 0, 0, 0, h4, h3, h2, hi), by three bits to the left side so as to make the low 
three bits be (0, 0, 0) (see Fig. 8). Subsequently, in the adder 44, a previously stored 8-bit 
data (0, 1, 1, 1, 0, 1, 1, 1) is added to the 8-bit image data (0, h4, h3, h2, hi, 0, 0, 0), which is 
shifted by the shift register 43. The 8-bit data (0, 1, 1, 1, 0, 1, 1, 1) is offset data and 
corresponds to offset values for applying the initial values of the 8 -bit image data (0, h4, h3, 
h2, hi, 0, 0, 0) which is shifted by the shift register 43. In other words, the offset data is the 
data for ensuring continuity between the third and fourth groups. Further, each of the added 
8-bit digital data is output from each of the output ports 42a to 42h as the extended 8-bit 
image data [b8, b7, b6, b5, b4, b3 (= 1), b2 (= 1), bl (- 1)]. Here, the upper two bits of the 6- 
bit image data, which is input to the bit extending circuit 40, are used as bits for determining 
to which group of the first to fourth groups the 6-bit image data belongs. 

[0066] Further, as described above, the amount of the bits that are shifted by the 
shift register 43 is increased toward the fourth group. By doing so, it is possible to rapidly 
increase the digital data output from the bit extending circuit 40 in a manner of a high order 
function as the values gets larger. 

[0067] Fig. 9 illustrates the current Im of the data line driving signals output from 
the analog output terminal Po with respect to the 6-bit image data output from the controller 
1 1 . As shown in Fig. 9, it is possible to rapidly increase the current Im of the data line 
driving signals in a manner of a high order function as the image data output from the 
controller 1 1 gets larger. As a result, it is possible to rapidly increase the luminance of the 
organic EL elements 16 in a manner of a high order function as the luminance gray scale gets 
higher. Therefore, since the change of the luminance gray scale can be accurately perceived 
by human beings even in the region having high luminance, it is possible to improve the 
display quality of the organic EL display 10. 

[0068] Next, the characteristics of the organic EL display 10 constructed as 
described above will be described below. 

[0069] (1) In this embodiment, with respect to the 6-bit image data output from the 
controller 11, the bit extending circuit 40 is constructed to generate the 8-bit digital data for 
changing the current Im of the data line driving signals output from the digital-to-analog 
converting circuit 30 in a manner of a high order function. Further, the single line driver 20 
is constructed by connecting the bit extending circuit 40 to the input side of the digital-to- 
analog converting circuit 30. As a result, it is possible to rapidly increase the luminance of 
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the organic EL elements 16 in a manner of a high order function, as the luminance gray scale 
gets higher. For this reason, since the change of the luminance gray scale can be accurately 
perceived by human beings even in the region having high luminance, it is possible to 
improve the display quality of the organic EL display 10. 

[0070] (2) In this embodiment, the shift circuit of the bit extending circuit 40 is 
constructed with the shift register 43. Therefore, the bit extending circuit 40 can be easily 
constructed without using complicated circuits. Furthermore, it is possible to suppress the 
increasing of the size of the bit extending circuit 40 by using the shift register 43. 

[0071] (3) In this embodiment, the amount of the bits that are shifted by the shift 
register 43 is increased toward the fourth group. Therefore, it is possible to rapidly increase 
the digital data output from the bit extending circuit 40 in a manner of a high order function 
as the image data output from the controller 1 1 get larger. Therefore, it is possible to 
improve the display quality of the organic EL display 10. 

[0072] For comparison to the aforementioned embodiment, a single line driver 
without the bit extending circuit will be described with reference to Fig. 13. Fig. 13 is a 
circuit diagram of a current output type digital-to-analog converting circuit for outputting 
analog current (driving current) in accordance with the 6-bit (in 64 gray scales) image data, 
which is provided to the data line driving circuit. 

[0073] The digital-to-analog converting circuit 70 includes analog output signal 
lines 71a to 71 f, switching transistors 72a to 72f, current supplying transistors 73a to 73 f, and 
digital input signal lines 74a to 74f. The analog output signal lines 71a to 71 f are connected 
in parallel to each other and are connected to an output terminal 76. Each of the analog 
output signal lines 71a to 71f is connected to each of the corresponding switching transistors 
72a to 72f. Further, each of the switching transistor 72a to 72f is connected to each of the 
corresponding current supplying transistors 73a to 73 f. 

[0074] Each of the gates of the switching transistors 72a to 72f is connected to each 
of the digital input signal lines 74a to 74f. The digital input signal lines 74a to 74f are 
connected to a controller (not shown). 

[0075] Each of the current supplying transistors 73a to 73f is a transistor serving as 
a constant current source for outputting a predetermined current. The relative ratio of gain 
coefficients (3 of the current supplying transistors 73a to 73f is set to be 1 : 2 : 4 : 8 : 16 : 32, 
respectively. In other words, the relative ratio of the current values output from the current 
supplying transistors 73a to 73f is 1 : 2 : 4 : 8 : 16 : 32, respectively. 
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[0076] The ON/OFF control of the first to sixth current supplying transistors 73a to 
73f is performed by 6-bit image data output from the controller. The lowest bit of the 6-bit 
image data is supplied to the first current supplying transistors 73a having the smallest gain 
efficient p (in which the relative value of p is 1), and the highest bit is supplied to the sixth 
current supplying transistors 73f having the largest gain efficient p (in which the relative 
value of p is 32). And then, the ON/OFF control of the switching transistors 72a to 72f is 
performed in accordance with the image data output from the controller, and as a result, 
analog output current is output from the output port 76 in accordance with the image data. 

[0077] As a result, the analog output current output from the output terminal 76 
changes linearly with respect to the image data, as shown in Fig. 14. Therefore, since the 
current corresponding to the analog output current output from the data line driving circuit is 
supplied to the organic EL elements in the pixel circuit, it is possible that the luminance gray 
scale of the organic EL elements changes linearly with respect to the image data. 

[0078] Next, application of the organic EL display 10 as the electro-optical device 
described in the first embodiment to an electronic apparatus will be described with reference 
to Figs. 10 and 11. The organic EL display 10 can be applied to various electronic 
apparatuses, for example, mobile type personal computers, mobile phones, digital cameras, 
and the like. 

[0079] Fig. 10 is a perspective view illustrating the construction of a mobile type 
personal computer. In Fig. 10, the personal computer 50 can include a main body 52 having 
a keyboard 51, and a display unit 53 which employs the aforementioned organic EL display 
10. Also in this case, the display unit 53, which employs the organic EL display 10, has the 
same effect as the aforementioned embodiment. As a result, it is possible to provide the 
mobile type personal computer 50 with the display unit 53 having excellent luminance gray 
scale. 

[0080] Fig. 1 1 is a perspective view illustrating the construction of a mobile phone. 
In Fig. 1 1, the mobile phone 60 can include a plurality of operational buttons 61, an earpiece 
62, a mouthpiece 63, and a display unit 64 which employs the aforementioned organic EL 
display 10. Also in this case, the display unit 64, which employs the organic EL display 10, 
has the same effect as the aforementioned embodiment. As a result, it is possible to provide 
the mobile phone 60 with the display unit 64 having excellent luminance gray scale. 

[0081] Furthermore, it should be understood that the present invention is not limited 
to the above-described embodiments, and may be implemented as below. 
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[0082] In the aforementioned embodiments, the digital data that is extended by the 
bit extending circuit 40 is input to the current output type digital-to-analog converting circuit, 
but, the same effect can be obtained even in the case that the data is input to a voltage output 
type digital-to-analog converting circuit. In case of using the voltage output type digital-to- 
analog converting circuit, the application to a voltage-driven electro-optical element such as a 
liquid crystal element, an electrophoresis element, and an inorganic EL element can be made. 

[0083] In the aforementioned embodiments, the organic EL elements 16 are used as 
current driven elements or electro-optical elements, but, the organic EL elements 16 maybe 
applied to light emitting elements such as LED, FED, and SED (Surface-Conduction 
Electron-Emitter Device), for example. 

[0084] In the aforementioned embodiments, the image data is 6 bits and the digital- 
to-analog converting circuit 30 is 8 bits, but, it should be understood that the present 
invention is not limited to the aforementioned embodiments, so that the image data may be 
any bits and the digital-to-analog converting circuit 30 my be any bit type. 

[0085] In the aforementioned embodiments, the data processing at the shift register 
43 and the adder 44 of the bit extending circuit 40 is set so that the current Im output from the 
digital-to-analog converting circuit 30 increase rapidly in a manner of a high order function 
with regard to the image data. It is possible that the data processing at the shift register 43 
and the adder 44 of the bit extending circuit 40 is performed in a different manner from the 
aforementioned data processing. For example, in the first group the image data of which is 
(0, 0, 0, 0, 0, 0) to (0, 0, 1, 1, 1, 1), the shift register 43 extracts the low four bits among the 
image data of the first group, adds four bits (0, 0, 0, 0) to the upper side of the low four-bits, 
and generates 8-bit image data (0, 0, 0, 0, h4, h3, h2, hi). Next, the shift register 43 shifts the 
values Til' to 'h4 f , the low four bits of the 8-bit image data (0, 0, 0, 0, h4, h3, h2, hi), by one 
bit to the left side so as to make the lowest bit be f 0\ 

[0086] Next, in the second group image data of which is (0, 1, 0, 0, 0, 0) to (0, 1, 1, 
1, 1, 1), the shift register 43 extracts the low four bits among the image data of the second 
group, adds four bits (0, 0, 0, 0) to the upper side of the low four bits, and generates 8-bit 
image data (0, 0, 0, 0, h4, h3, h2, hi). Subsequently, in the adder 44, offset data (0, 0, 0, 1, 1, 
1, 1, 1) for ensuring continuity between the first and second groups is added to the 8-bit 
image data (0, 0, 0, 0, h4, h3, h2, hi), which is shifted by the shift register 43. 

[0087] Next, in the third group image data of which is (1, 0, 0, 0, 0, 0) to (1, 0, 1, 1, 
1,1), the shift register 43 extracts the low four bits among the image data of the third group, 
adds four bits (0, 0, 0, 0) to the upper side of the low four bits, and generates 8-bit image data 
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(0, 0, 0, 0, h4, h3, h2, hi). Next, the shift register 43 shifts the values 'hi' to f h4\ the low four 
bits of the 8-bit image data (0, 0, 0, 0, h4, h3, h2 5 hi), by one bit to the left side so as to make 
the lowest bit be f 0\ Subsequently, in the adder 44, offset data (0, 0, 1, 1, 0, 0, 0, 0) for 
ensuring continuity between the second and third groups is added to the 8-bit image data (0, 

0, 0, h4, h3, h2, hi, 0) which is shifted by the shift register 43. 

[0088] Next, in the fourth group image data of which is (1, 1, 0, 0, 0, 0) to (1, 1, 1, 

1, 1, 1), the shift register 43 extracts the low four bits among the image data of the fourth 
group, adds four bits (0, 0, 0, 0) to the upper side of the low four bits, and generates 8-bit 
image data (0, 0, 0, 0, h4, h3, h2, hi). Subsequently, in the adder 44, offset data (0, 1, 0, 0, 1, 
1, 1, 1) for ensuring continuity between the third and fourth groups is added to the 8-bit 
image data (0, 0, 0, 0, h4, h3, h2, hi), which is shifted by the shift register 43. 

[0089] By doing so, the output current as a function of image data can have points 
of inflection, as shown in Fig. 12. 



